The present study examined the relationship between parents' mental-state talk and preschoolers' executive function. Seventy-two children participated in the present study, as well as their mothers and fathers. When children were enrolled in the second preschool year, mothers' and fathers' use of mental-state references were assessed during a shared picture-book reading task with the child. Later, four months before admission to the first grade, preschoolers' executive function was measured. Hierarchical regression analysis revealed that maternal, but not paternal, mental-state talk was a significant predictor of children's executive function composite, even after accounting for child gender, age, verbal ability, and parental education. When looking at each of the EF components, maternal mental-state talk proved to be a predictor of set-shifting whereas no significant relations emerged with inhibitory control or working memory. These findings add to prior research on parenting quality and executive function in preschoolers.
Introduction
Executive function (EF) refers to a set of higher-order cognitive processes that allow for conscious, goal-directed control of thoughts and actions (Diamond, 2013; Zelazo & Carlson, 2012) , including working memory, defined as the ability to maintain and manipulate information for short time periods; set-shifting or the competency to flexibly shift the focus of cognitive set and to adjust behavior accordingly; and inhibitory control, defined as the ability to inhibit an automatic, or dominant, response (Blair & Ursache, 2013) . Although such skills have been found to develop over a long period of time, spanning from the first year of life until adolescence ages (Bernier et al.) . The authors argued that mothers' use of mental-state references is a vital parenting dimension for the development of EF, because it supplies children with the necessary verbal tools for them to reflect and be aware of their own responses (Bernier et al.) .
This last assumption is consistent with the theoretical framework of human learning advanced by Vygotsky (1934 Vygotsky ( /1986 ). Vygotsky acknowledged that the regulatory speech of caregivers, during early interpersonal interactions, would be eventually internalized by the child, and the words would become mental tools for the offspring to manipulate his/her own thoughts and behavior, allowing, thus, the progression from external to internal forms of self-regulation (Kopp, 1982; Vallotton & Ayoub, 2011) . Here, we advance that parental talk about mental states, including desires, thoughts, and emotions, may be a critical component of the caregivers' speech, particularly influential for the development of child EF abilities. Being exposed to caregivers' mental-state talk in everyday interactions, children have the opportunity to learn words to express their desires, needs and feelings, which may, in turn, aid them in regulating their thoughts, emotions, and behaviors, according to the demands of novel or complex situations (Hughes, 2011; Vallotton & Ayoub, 2011) .
Despite these theoretical accounts, and the undoubted importance of the pioneer investigation cited above, it is important to appreciate that the research in this field is still characterized by a paucity of studies focused on the links between parental mental-state talk and child EF during the preschool years. In addition, it is also worth noting that the contribution of fathers' mental-state talk to the development of EF skills remains to be investigated, as most studies on parenting and EF have been focused on mothers. However, considering that fathers have become more involved in caring for their children in recent decades, research on the effects of proximal social relational factors for children's EF should incorporate the role of fathers' parenting.
Indeed, there is reason to believe that the quality of paternal care may independently contribute to the development of EF abilities. In line with this premise, the work of Towe-Goodman and colleagues (2014) is worth mentioning. These investigators measured both maternal and paternal parenting quality, finding that fathers' sensitive and supportive behaviors, assessed when children were 24-months old, were a significant predictor of child EF at three years of age, even after accounting for the quality of concurrent and prior maternal care. These results have been recently supported by Meuwissen and Carlson (2015) who measured fathers' autonomy support and control in a dyadic play task with their three-year-old children, and concluded that fathers' controlling parenting was concurrently and inversely related to their children's EF skills, above and beyond family income and child verbal ability.
Notwithstanding such evidence stressing the importance of the quality of father-child interaction for the development of EF, less is known about the independent role of fathers' use of mental-state terms. This lack of research is remarkable, especially when considering recent studies showing that paternal talk in interaction with the child may be particularly influential for healthy child development. For example, LaBounty, Wellman, Olson, Lagattuta, and Liu (2008) revealed that both maternal and paternal talk, assessed in terms of the usage of mental-state terms during a parent-child picture-book task, influenced the development of their offsprings' socio-cognitive abilities, most notably preschoolers' emotion Lundy (2013) showing that, not only mothers', but also fathers', use of mentalstate comments were positively related to their four-year-olds' theory of mind. Interestingly, all of these socio-cognitive abilities have also been found to be linked to EF skills. For instance, Carlson et al. (2004) found a significant, robust, relation between EF performance and theory of mind at 39 months of age, and Martins, Os orio, Ver ıssimo, and Martins (2014) reported that set-shifting was a significant predictor of emotion understanding, in a sample of preschool age children.
In light of the above, the present report seeks to examine the putative contributions of both maternal and paternal use of mental-state references (desires, emotions, and cognitions) in interaction with the child to EF, in a sample of preschoolers, while controlling for parental education and child age and gender, as each of these factors have been linked to EF skills (Ardila et al., 2005; Brocki & Bohlin, 2004; Meuwissen & Carlson, 2015) . Moreover, given that studies have suggested consistently that EF is associated with child verbal ability (Fuhs & Day, 2011; M€ uller, Zelazo, & Imsirek, 2005) , which in turn may be linked to mothers' and fathers' talk while interacting with the child (Deckner, Adamson, & Bakerman, 2006; Fivush, Haden, & Reese, 2006) , the current study also aims to clarify whether maternal and paternal mental-state talk are predictive of EF, even after taking child verbal ability into account as an important control variable, something that remains to be investigated. In doing so, the current research is the first to analyze separately both mothers' and fathers' use of mental-state references in interaction with the child, to uncover unique and common influences of maternal and paternal talk on the development of EF skills during the preschool period, a critical phase for the maturation of such abilities (Garon, Bryson, & Smith, 2008) . In line with previous empirical evidence, we hypothesize that both maternal and paternal mental-state talk during a parent-child interaction will significantly predict child EF performance.
Method

Participants
Seventy-seven 4.5-year-old children (38 girls, 49.4 percent), were recruited in childcare centres in northern Portugal, for participation in a longitudinal study on the developmental predictors of school readiness. For the present investigation, data were available for 72 children (33 girls, 45.8 percent) (four cases were excluded because there was no assessment of maternal or paternal use of mental-state references, and for one case there were no data on children's EF; please see Measures section). The first assessment (T1) occurred when children were between 53 and 60 months (M 5 55.04, SD 5 1.54). Children were reassessed four months before school entry (T2), when they were 63-76 months of age (M 5 69.51, SD 5 3.09). The majority came from two-parent families (n 5 61, 84.7 percent) with two or more children (n 5 48, 66.7 percent). All children were Caucasian, except one who was Asian. Participants also included the mothers who were between 26 and 46 years (M 5 36.69, SD 5 3.50), and the fathers who were between 25 and 61 years of age (M 5 38.58, SD 5 6.19). One mother (1.4 percent) and 10 fathers (13.9 percent) had not completed high school, 13.9 percent (n 5 10) of the mothers and 27.7 percent (n 5 20) of the fathers had obtained a high school diploma, and the remaining had an undergraduate (mother: n 5 49, 68 percent; fathers: n 5 30, 41.7 percent) or graduate degree (mothers: n 5 12, 16.7 percent; fathers: n 5 12, 16.7 percent).
Procedure
At T1, when children were enrolled in the second preschool year, mothers and fathers were invited to participate with their children in an observation session in a university laboratory setting, to assess maternal and paternal use of mental-state references. Mother and father were assessed in two different, independent, sessions. Parents also completed a socio-demographic questionnaire. The second assessment was carried out in the third, and final, preschool year, four months before children's entry in primary school. Children were tested at the preschool in which they were enrolled or in a university laboratory setting, to assess their EF and verbal ability. In Portugal, where the research reported herein was conducted, preschool education is offered to children between the ages of three to five years. In the year when children become six years of age they enroll in primary school in September. At both time points, mothers and fathers were first explained the purposes of the study as well as the detailed procedures, and gave their written informed consent for their own and their children's participation.
Measures Assessments at T1: Second Preschool Year
Maternal and paternal mental-state talk. Maternal and paternal use of mental-state references were assessed using one of two wordless picture books, namely Frog where are you? (Mayer, 1969) and Frog on his own (Mayer, 1992) . Mothers and fathers were asked to tell the story to their children based on the book's pictures. The assignment of either book was counterbalanced. The motherchild and father-child interactions were videotaped, transcribed and then coded to assess references to mental states. References were coded into one of the following mutually exclusive categories: (1) desires (e.g., like, dislike, want); (2) cognitions (e.g., think, know, imagine); and (3) emotions (e.g., happy, sad, angry). Similar to previous studies, utterances serving only as conversational devices (e.g., 'I don't know'), or which were repetitions of own or other's utterances were not coded (Jenkins, Turrell, Kogushi, Lollis, & Ross, 2003; Ruffman, Slade, & Crowe, 2002) . Each participant received a final score of mental-state talk, consisting of the overall mental state references from all three categories. To control for differences in verbosity, maternal, and paternal mental-state talk was calculated as a proportion of the total number of words, from all three categories, used during the interaction. Inter-rater reliability was assessed by computing the intra-class correlation coefficients for 22 percent (n 5 16) of mother-child and father-child interactions, which were independently coded by two trained raters. Intra-class correlations for the three types of mental references ranged between r ICC 5 .89 and r ICC 5 .99, regarding mother-child interaction, and between r ICC 5 .97 and r ICC 5 .99, with respect to father-child interaction.
Assessments at T2: Four Months Before School Entry
Executive function. EF was measured using three tasks designed to assess inhibitory control, working memory, and set-shifting. All of these tasks have been
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(1) Inhibitory control was assessed using the Head-Toes-Knees-Shoulders task (HTKS; Ponitz, McClelland, Matthews, & Morrison, 2009 ), a structured observation requiring children to perform the opposite of a dominant response to different oral commands. The HTKS task includes 20 test trials. Children are initially instructed to respond in an unusual manner to a two rules (head/toes) command (items 1-5; e.g., if the experimenter says 'Touch your head', the correct answer would be for the child to touch his or her toes), following two novel (knees/shoulders) commands (items 6-10; e.g., if the experimenter says 'Touch your knees', the correct answer would be for the child to touch his or her shoulders). Then, task complexity increases by asking children to respond to one of four commands (head/toes/knees/shoulders) (items 11-20) . Each of the 20 items was scored with 0 for an incorrect response, 1 for a self-correct response, or with 2 for a correct response. The total score ranges from 0 to 40, with higher scores indicative of higher levels of inhibitory control. (2) Working memory was assessed using the Backward Digit Span task (BDS; Davis & Pratt, 1995) . In the BDS, children are invited to verbally repeat in reverse order sequences of single-digit numbers. Following a two-digit practice trial, children are given two trials for each test sequence, until they fail two consecutive trials of a given length. The highest level of success is recorded. (3) To assess set-shifting, the Executive Function Scale for Early Childhood (Carlson & Schaefer, 2012) was used, which consists of an adaptation of the Dimensional Change Card Sort task (Frye, Zelazo, & Palfai, 1995; Zelazo, 2006) . In this task, children are required to sort a series of bivalent cards into boxes with target cards on them. The sorting cards (e.g., red star and blue car) match each target card (e.g., a blue star and a red car) on exactly one dimension. The scale offers seven distinct phases of complexity. For five-year-old children, the task begins in the fifth phase, in which participants are asked to sort the cards based on two dimensions, specifically by color or shape, according to the instructions of the experimenter; thereby requiring that the cards be sorted into opposite boxes (10 items). In the sixth phase, children are required to sort according to another dimension (border vs. non-border); if a black border is presented in the card, children should sort according to color, but if there is not, children should sort according to shape (10 items). Finally, in the last phase of the task, children are instructed to reverse the rule, sorting by color if the card has no black border, or sorting by shape if the card has a black border (10 items). Children were considered to have passed each phase when they correctly sorted four or more cards for each condition of that particular phase (e.g., in the fifth phase, four or more correct answers when asked to sort by color and four or more correct answers when asked to sort by shape). When children failed the fifth phase, the experimenter administered the lower difficulty sorting tests in a predetermined order, in which children were asked to sort the cards based on only one dimension (e.g., by color); if children failed the sixth or seventh phase, the task ended. A total final score is calculated based on the sum of the items. The minimum and maximum scores children could attain were 0 and 70, respectively, with higher scores being indicative of higher levels of set-shifting.
Child verbal ability: receptive vocabulary. Child verbal ability was assessed using the Peabody Picture Vocabulary Test, revised edition (PPVT-R; Dunn & Dunn, 1981) . Children were orally presented with words, and asked to choose from a set of four pictures, which one corresponded to the word previously heard. The coding consists of subtracting the total number of errors made by children during the test from the highest item children reached. Raw scores were used as the final measure of verbal ability as Portuguese norms for this instrument are not yet available.
Results
Data Analysis
Data analysis proceeded in a series of steps. First, a principal component analysis was conducted, to create an EF factor. Then, bivariate correlations were examined between the study variables. Finally, regression analyses were computed to examine the contribution of maternal and paternal mental-state talk to the child EF composite and to each of the EF components (i.e., inhibitory control, working memory, and set-shifting), after accounting for the control variables.
Preliminary Analysis
Reduction of EF Data. The inhibitory control, working memory and set-shifting scores were standardized and submitted to a principal component analysis. This analysis yielded a one-component solution, Eigen value 5 1.61, representing 54 percent of the total variance. Composite loadings were found to be all higher than .50 (.59 for inhibitory control, .78 for working memory, and .81 for set-shifting). In this analysis, the three EF components were low to moderately intercorrelated (inhibitory control and working memory, r 5 .20, p 5 .043; inhibitory control and set-shifting, r 5 .25, p 5 .016; and working memory and set-shifting, r 5 .44, p < .001). This result is in line with previous findings, showing that a single factor model best explained the performance on EF tasks among preschoolers, and that a unitary perspective of executive abilities is more appropriate during this developmental period (Wiebe, Espy, & Charak, 2008; Wieber et al., 2011) . Thereby, in the present study, a composite of EF was calculated, consisting of the mean of the standardized scores of the inhibitory control, working memory, and set-shifting tasks. This composite was used in further analysis.
Descriptive Statistics and Bivariate Correlations. Descriptive statistics and correlations between study variables can be found in Tables 1 and 2 , respectively. Regarding the relations between child EF and the control variables, results showed that child verbal ability was positively related to the EF composite, as well as to each of the EF individual components, namely inhibitory control, working memory, and setshifting. No significant associations were found between the EF composite and child gender, age, or parental education. However, set-shifting was significantly correlated with age at T2, and working memory with paternal education.
With regard to parenting variables, positive correlations were observed between maternal use of mental-state references and the EF composite. When looking at the bivariate correlations with each of the EF components, maternal mental-state talk was found to be positively related to set-shifting, but not to inhibitory control or working memory. No significant correlations were observed between paternal use of
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Main Analysis: Predicting Child EF. A hierarchical linear regression was computed, to investigate the predictors of the EF composite. Given the consistent empirical findings, showing that child gender, age, maternal and paternal education, as well as child verbal ability, are linked to the development of EF skills, all of these variables were included in the first four steps of the analysis, as covariates, even though only verbal ability was found to be significantly related to the EF composite, in this study (see Table 2 ). Maternal and paternal mental-state talk were then added to the fifth step of the model. According to Table 3, regarding the control variables, only verbal ability emerged as a significant predictor of the EF composite, b 5 .58, p < .001. The model proved significant, explaining 36 percent of the overall variance in EF skills. Concerning the parenting variables, and as stated earlier, both maternal and paternal mental-state talk were entered simultaneously in the final step of the analysis. The model proved significant, accounting for additional 4 percent of 
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Regression analyses were then computed for each of the EF components, separately. Child gender, age, maternal and paternal education, as well as child verbal ability, were included again in the first four steps of the analysis, followed by maternal and paternal mental-state talk, entered simultaneously in the fifth and final step. As presented in Table 4 , and regarding the control variables, child verbal ability emerged as a significant predictor of all the three EF components, specifically inhibitory control, b 5 .27, p 5 .032, working memory, b 5 .57, p < .001, and setshifting, b 5 .44, p < .001. Child age was also found to be significantly related to set-shifting, b 5 .38, p 5 .001. With respect to the parenting variables, and as expected given the above bivariate correlations, neither maternal nor paternal mental-state talk proved to be significant predictors of inhibitory control or working memory. However, data revealed that maternal use of mental-state references individually and significantly contributed to set-shifting, b 5 .22, p 5 .034, beyond child age and verbal ability. The overall model proved significant, explaining 40 percent of the variance. No significant relations were observed between paternal use of mental-state references in interaction with the child and set-shifting.
Discussion
The present study aimed to extend current understanding about the role of parenting in the development of EF in preschoolers, most notably by evaluating whether both 
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V C 2016 John Wiley & Sons Ltd maternal and paternal mental-state talk were prospectively linked to individual differences in child EF skills. Our results support and extend previous literature, namely the work of colleagues (2010, 2012) performed during toddlerhood, by showing that mothers', but not fathers', use of mental-state references, assessed later on (i.e., during the preschool period), made a significant contribution to the child EF composite. Children experiencing higher quality of parenting during the second preschool year, assessed in terms of maternal talk, were found to have a better overall performance on EF tasks, four months before school entry. Interestingly, when looking at each of the EF components, maternal mental-state talk proved to be a predictor of set-shifting whereas no significant relations emerged with inhibitory control or working memory. These results suggest that mothers' use of mental-state terms may be much more beneficial for the development of children's flexible thinking, than for the other EF components. It is likely that, by supplying children with different mental-state terms, as well as by moving from one mental utterance to another, mothers are, in fact, providing opportunities for children to learn words to manipulate their own thoughts and behavior, and, more specifically, supporting their children's ability to switch back and forth between mental sets, which in turn will aid them in adjusting their behaviors, according to the demands of a given situation. Such results are noteworthy in that they add to a growing body of empirical literature, by showing that the quality of parentingoperationalized herein in its verbal dimension (i.e., the use of mental-state utterances), following Carlson's (2003) conceptualization-forecasts the development of cognitive regulatory abilities, particularly children's shifting abilities, by the end of the preschool period. Interestingly, this constitutes a developmental phase where links between parental mental-state talk and child EF skills have not been yet investigated, even though authors have considered the preschool years as particularly critical for the development of executive competencies (e.g., Garon et al., 2008) . Moreover, the relation between maternal mental-state talk and preschoolers' EF composite and set-shifting remained significant even when child verbal ability was taken into account, which was also found to be a significant predictor of executive skills, explaining, in fact, a large proportion of variance. Such findings are important due to the fact that an accumulating body of research has suggest that better verbal competencies are related to higher EF in young children (Fuhs & Day, 2011; M€ uller et al., 2005) . Thus, the current study provided preliminary support for the premise that the effects of maternal talk, assessed in terms of the use of mental-state references, on preschoolers' EF occur beyond child verbal competencies. To our knowledge, this is the first study to have examined the prospective relations between parental mental-state talk and EF, while taking preschoolers' verbal ability into account as an important control variable; and, thus, replication is clearly needed. Furthermore, it is worth bearing in mind that no significant associations were found between parental talk and child verbal ability, which is consistent with some (Meins et al., 2003) , but not with other studies (Deckner et al., 2006; Fivush et al., 2006) . A factor to consider in entertaining reasons for the failure to document such seemingly anticipated associations is that in our own, as well as in Meins and colleagues' (2003) work, the focus was on a specific dimension of parents' talk in interaction with the child-that is, the parents' use of mind-related commentswhereas other research that has documented a link between parents' talk and child verbal ability was focused on more broad, general, features of parent-child conversations, including parents' narrative structure, and amount of talk. Such differences across inquiries could account for the variation in the results.
In addition to verbal ability, child age also emerged as a significant predictor of set-shifting. This not surprising result is clearly in line with a recent meta-analytic study, showing that age is a robust predictor of switching performance, but, most importantly, that the magnitude of this effect increases with age during the preschool period (Doebel & Zelazo, 2015) . Interestingly, no significant associations were found between age and inhibitory control or working memory. A possible explanation is that the age range in this study (i.e., all children were between 5 and 6 years at T2) was not wide enough to detect significant associations between age and preschoolers' performance on those two EF components. In fact, this claim is consistent with findings from recent studies, showing no significant differences between 5-and 6-year-olds both in inhibitory control and in working memory (e.g., Roman, Pisoni, & Kronenberger, 2014; Shaul & Schwartz, 2014) .
In sharp contrast to our findings revealing that maternal talk was related to preschoolers' EF, our hypothesis that paternal use of mental-state comments, while in interaction with the child, would predict executive abilities, along with maternal talk, did not receive empirical support. A possible explanation is that other specific indices of father parenting, beyond fathers' mental-state talk, such as scaffolding and sensitivity (Carlson, 2003) , may be more influential for the development of child EF skills. Thus, mother and father may both play a significant role in fostering preschoolers' EF abilities, but in qualitatively different manners. In fact, according to Grossman et al. (2002) , fathers' support and sensitivity during play may be particularly relevant for the development of regulatory skills. This claim has been recently supported by Towe-Goodman and colleagues (2014). Their investigation revealed that fathers' parenting sensitivity during play at 24 months predicted EF at three years of age, even after accounting for maternal contributions. The work of Kochanska, Aksan, Prisco, and Adams (2008) is also noteworthy, as they found that the quality of father-child interaction, measured in terms of responsive and cooperative behaviors, was positively related to increased self-regulatory abilities in preschoolers. Furthermore, because our study was performed with children at the end of the preschool period, the issue of whether fathers' mental-state talk is related to child EF in other developmental periods, is yet to be explored.
Moreover, it may also be the case that other parenting contexts-rather than a picture-book reading task with the child, as it was the case in the present studymay be more appropriate to assess the quality of paternal care. Indeed, authors have argued that more challenging face-to-face interactions between children and fathers may afford children with a better opportunity for them to practice their executive abilities (Grossman et al., 2002) . Consistent with this claim, investigators have found that fathers tend to use-particularly during such demanding tasks-more action-oriented strategies, which are optimal to promote children's problem-solving competences (e.g., John, Halliburton, & Humphrey, 2013) .
In addition to this possibility, it may also be the case that the picture-book task used in the current study is better in capturing the contribution of maternal parenting. In line with this premise, recall that, in this investigation, mothers and fathers differed in the use of mental-state terms, such that mothers employed more mindminded comments in interaction with the child than fathers. This result is in line with empirical findings, suggesting that mothers adopt more high-level interactive strategies than fathers in such tasks (Schwartz, 2004) , and that they tend to talk
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V C 2016 John Wiley & Sons Ltd significantly more about internal states with their preschool age children than fathers during a picture-book task (LaBounty et al., 2008) . However, whether mothers and fathers show a similar or a different pattern of mental-state talk in their everyday activities with children at home-including in similar booking reading tasks or in more demanding ones or even routines-, and whether maternal and paternal mental-state talk in these more 'ecological' tasks influence the development of preschoolers' EF deserves to be explored in future studies. Differences in the amount of exposure to mothers' and fathers' mental-state language in day-to-day activities may be also accounting for the differences in the influence of each parent on children's EF. In fact, previous research has shown that mothers tend to spend more time in one-to-one interactions with their children than fathers, thus allowing mothers to have more opportunities to acquire and practice skills central to promote child development (Parke, 2002) . However, it is unclear whether any of these explanations is responsible for the results reported in this article. Future studies, longitudinal and more ecological in design, are clearly needed.
Limitations and Future Directions
Although there are a number of strengths to the current study, including the assessment of both maternal and paternal mental-state talk, there are limitations to this research that merit attention. The other two indices of parenting (i.e., scaffolding and sensitivity), argued by Carlson (2003) to be linked to the development of EF, were not measured in the present inquiry. Moreover, it is important to note that, in the present investigation, maternal mental-state talk accounted only for a small proportion of variance in EF. Thereby, incorporating the assessment of all of those parenting indices, with regard to both maternal and paternal care, could provide a more comprehensive view of the development of child EF skills. In addition, information regarding the quality of parental mental-state talk in interaction with the child, as well as preschoolers' EF and verbal ability, were available at only a single point in time, most notably during the second and the last preschool period. Thus, the prospective design of our study did not allow for firm conclusions about directionality, and limits the interpretation of the results. For instance, it was not possible to tell whether mothers' and fathers' use of mind-minded comments were facilitated by earlier child verbal competence or even by children's already-advanced EF. Generalization of the results must be made carefully, and future work should be longitudinal in design, with assessments of the quality of parenting, EF and verbal abilities over the first years of life until the school transition.
